Here Q is a bounded convex domain in the two dimensional Euclidean space R 2 with a smooth boundary 3Q, A Laplacian and d/dn differentiation in the outward normal direction to dQ. In the finite element method for the static boundary value problem of plate bending :
several schemes have been studied during the last few years. Here / is a given function. Some of these schemes are the compatible model, the hybrid method, the mixed method, the non-conforming method and the discrete Kirchhoff assumption model (see [1] , [2] , [4] , [6] , [7] , [9] , [12] ). However 3 neither the hybrid method nor the mixed method has been applied to the eigenvalue problem (1) . The purpose of this paper is to obtain error estimates for the finite element solutions of the eigenvalue problem (1) , applying the mixed method with piecewise linear polynomials proposed by Miyoshi [9] .
The plan of the present paper is as follows. In Section 2, we give some notations and facts about the eigenvalue problem for the biharmonic operator. In Section 3, we prove that the approximate eigenvalues and the corresponding eigenfunctions converge with a certain rate of convergence to the exact ones. Finally, in Section 4, some numerical results are also given to see the validity of our theory.
Throughout this paper, C, C 13 C 2 etc. are generic positive constants, independent of h, which are not necessarily the same at different places. Here h is a parameter depending on a triangulation of the domain Q. § 2. Preliminaries
We assume that the solution u of (1) We use the space Hl(Q) which is the completion of the space of all test functions on Q with respect to the norm of H n (Q).
The standard variational formulation of the eigenvalue problem (1) consists of finding a real eigenvalue 1 and a non-zero eigenfunction u<=Hl(Q} such that In order to introduce another variational formulation, we put (1) into the following problem :
The weak form of the problem (5) 
J,= min § 3. Finite Element Scheme and Rate of Convergence
For simplicity, it is assumed that the domain Q is a convex polygon.
We decompose the domain Q into m disjoint triangular elements 4(A=1, 2, •••, m). ByP 0 l^^n, (or P f , w+l^z^w+J), we denote the nodal points of the triangulation T fe which belong to Q (or 9-0).
Here A is the largest side length of all the triangular elements. We also assume that the triangulation T h satisfies the following conditions (see [9] , [10] ) :
(a) 5=UJ,, 4n4 = a (i^j). (2). We define the finite element solution [1, u, v] (tfeYJ, ^ey^) of the consistent mass scheme for the eigenvalue problem (6) by
for each ^e7*, )=0
for each eFJ.
This scheme is equivalent to a set of the matrix eigenvalue equations
KU+MV=0, KV+lMU=Q.
Here U=(u(P,)) and V=(^(P,-)) are unknown vectors, and K and M are the stiffness matrix and the consistent mass matrix given by
Let F* be a space defined by
Then the eigenvalues {^,-}(z = l, 2, •••, w) are characterized by
We can normalize the eigenfunctions u, corresponding to l t by (d,, 0,)=a iy and («" 0
We shall prove the convergence of the approximate solutions for the first ^(r^n) eigenvalues and eigenf unctions. First we shall give error estimates for the approximate eigenvalues using the technique, analogous to the one used by Kikuchi [6, 7] and Strang and Fix [12] . Some lemmas are prepared.
Lemma 1. Let
Then, Combining (22), (17), (21), (16) and (14), we obtain Therefore, from (7), we havê
\\u'\\

By (19) and (18), we obtain \\v' h \\ 2 =~a(u' h , v' h ) = (u
This completes the proof.
We are now in a position to prove the following theorem. Since {l t , u t , ^*} are the solutions of (9), it holds that Therefore, from (34), (35), (29), (26), we obtain
Combining (10), (29) and (30) for sufficiently small h. Therefore, applying (27) yields for sufficiently small h. This completes the proof.
We now obtain an estimate of || 2 (£,-, u k )u k \\. Thus, from (42) and (43), we obtain
On the other hand, by Theorem 1 and A-^^-u for sufficiently small A, we have *,-*,-*>(*,-4-0 /2>0. Therefore, applying (27) yields for sufficiently small h. The proof is complete.
We now prove the following theorem. Thus, by the triangle inequality we obtain for sufficiently small h. The proof is complete.
We can now prove the following corollary to Theorem 2. This completes the proof.
Remark. Further, we can propose the generalized mixed mass scheme with a parameter /3, 0^/3^1 (see [15] ) :
where M l is the diagonal lumped mass matrix. This scheme includes the consistent mass scheme 08=1) and the lumped mass scheme 08 = 0) as its special cases. We can obtain error estimates of the generalized mixed mass scheme, similar to those of the consistent mass scheme. §4. Numerical Results
In order to show the validity of our theory, numerical experiments are performed. We have used the FACOM 230-28 computer at Ehime University and the FACOM 230-75 computer at Kyushu University. Let Q be a square domain defined by O: -7r/2<^<7r/2, -7r/2<X<7r/2. 
